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DREAMS ANNUAL REPORT - 1999

Project 1C. Automatic External Defibrillators

During Fiscal Year 1999, we made considerable progress in persuading industries to purchase and
deploy automatic external defibrillators. During the previous year, Drs. Duke, Casscells, and
Galloway had made a video to educate the small-business owners, civic leaders, and medical
directors and safety directors at large corporations. Together with the American Heart Association
volunteers, Dr. Casscells and the City of Houston Fire Departrhent's EMS Director, David Perrse,
M.D., made numerous presentations in person and on radio and television about the potential of
these defibrillators to save lives in community settings. Of particular importance were two events
in 1999: first, the reporting of lives saved by the use of these defibrillators; and second, the passage
of a bill in the State Legislature, which was subsequently signed by Governor Bush, to limit the legal
liability of those who purchase, maintain and use the automatic external defibrillators. Testimony

by Drs. Casscells and Duke was featured in the House and Senate hearings.

Dozens of Houston industries have now purchased defibrillators, as have many churches, civic
groups and many clubs and, in some cases, individuals. This project has now germinated and has
been "adopted" by the City's Fire Department, particularly gratifying is the recent decision by the city
and the AHA to launch a program to promote public access defibrillation (and not just place AED’s
where EMT’s, RN’s and MD’s can find them). The DREAMS principal investigators now feel that
the leadership by the City and the American Heart Association (AHA) will be sufficient to sustain
this program and no further DREAMS funds will be budgeted, thereby successfully terminating
Project 1C.

Project 1F. Fibroblast Growth Factor (FGF2) to Enhance Angiogenesis and Healing

This project encountered several difficulties this year. The small amount of DREAMS funds
budgeted required supplementary funds to determine whether FGF has a real impact in angiogenesis
and wound healing in animals and patients. DREAMS funds were thus used for salary support to

coordinate and write up some of this work. The animal studies showed that FGF has a hypotensive



effect, which limited its utility in an in vivo treatment. Even more important was the fact that in a
small Phase I clinical trial (in which DREAMS P.I. Ward Casscells, M.D., participated, with
DREAMS salary support for himself but no DREAMS funds for the research), three patients
developed severe proteinuria, and in one patient this was irreversible. Finally, early results from
clinical trials conducted by others (with no participation by Dr. Casscells) suggest that FGF's
angiogenic effect in humans will be small or nonexistent. Therefore, this project will be concluded.

The attached manuscript has been submitted for publication.

Project 3M. Electrical Impedance and Near Infrared...

This project began with the goal of comparing electrical impedance testing with near-infrared
spectroscopic analysis for diagnosis of vulnerable atherosclerotic plaque. We subsequently dropped
the electrical impedance aspect because: 1) We realized the near-IR approach could not only convey
information about the presence of lipid (the major utility of electrical impedance for plaque analysis)
and could also confer information relevant to the diagnosis of inflammation generally and so be of
broader utility than just for atherosclerosis (i.e., including wounds, burns, toxic exposures,
autoimmune conditions and cancers); 2) We found that the electrical impedance idea was not novel
and indeed had been patented several years ago, with no subsequent published research in that area,

suggesting technical unfeasibility.

In contrast, near-IR work has progressed well. The attached abstract by Wang, Guo, Klima,
Willerson and Casscells indicates that near-infrared spectral differences were found between various
types of living atherosclerotic pléques. Subsequent research has found differences between three
wave lengths in contrast to the single band identified by Robert Lodder and James Muller, who

studied formal in fixed sections.

We reasoned that something unique to the living atherosclerotic plaque might be involved in the
differences between our work and theirs. We hypothesized that, in addition to fat and the oxidative
reactions of activated inflammatory cells, plaques--and wounds and abscesses in general--would also

exhibit hypoxia, glucopenia and acidosis. All three factors have been shown to affect NIR spectra




in other systems.

We therefore examined the hypothesis that atherosclerotic plaques are heterogeheous with respect
of pH. As described in the attached abstract by R. John and colleagues, we found marked pH
heterogeneity in atherosclerotic plaque, both in living human specimens from carotid endarterectomy
procedures, studied immediately ex vivo, and living specimens of human umbilical arteries obtained
after being discarded by the pathologist in the delivery room. Watanabe atherosclerotic rabbits also

exhibited pH netcrogenity.

The major findings were that the average pH was higher in plaques than in Watanabe rabbits, which
in turn were higher than those of human umbilical arteries. Acidic regions were localized to the
yellow (lipid-rich) regions of the plaque, whereas the calcified areas had a high pH (presumably due
to the calcium carbonate. The lack of calcification in the Watanabe rabbit lesions is consistent with

their generally lower pH.

This is a novel finding and raises major questions as to the cause of the pH heterogeneity and its
effects on plaque functions, including gene expression, enzyme activity (particularly metabolic and
matrix-degrading enzymes) and other areas such as release of growth factors from matrix-binding

sites.

Plans over the next year include: 1) Increasing the numbers of specimens analyzed to increase the
statistical strength of the subgroup analyses. 2) Determining the role of the protein-lipid ratio in the
NIR characteristic spectral signature. 3) Determining whether the experimental pH variation can be
detected by NIR spectroscopy. We anticipate that in the coming year at least two manuscripts will
be published. Later in the year, we hope to compare temperature measurements vs. NIR

measurements for their accuracy in the detection of the vulnerable plaque.

Also, we will be exploring the possible utility of NIR in the characterization of wounds with regard
to the presence of infection, wound healing rates, presence of foreign bodies, vascularity, viability

and necrosis.




Project 2A.

Project 2A initially had the goal of using intravenous injections of FGF-2 to stimulate angiogenesis.

This approach has not proven efficacious in our hands. Therefore, we focused our attention and
funds on Project 1F, in which we attempted to use FGF-2 to encourage endothelial regrowth on
intravascular prostheses and stents. Working with Tim Scott-Burden, Ph.D., we found better
efficacy with a vascular endothelial growth-factor transgenic approach, and for this reason Projects
2A and 1F were terminated, with the conclusion that, while an angiogenesis effect of FGF-2 had not
been excluded or disproved, the effect was not large enough, in these models at least, to justify
further work.

Project 2C. Infrared Detection of Inflammation.

This project made gratifying progress in FY 1999. Its goal is to develop new devices for the
detection of inflammation to assist in the diagnosis and prognosis of atherosclerotic plaques, cancers,
wounds and a variety of autoimmune diseases. Also, in some cases, the thermal approach will have

therapeutic potential as an anti-inflammatory treatment.

Work to date has focused on the detection of inflamed atherosclerotic plaques because of their ready
availability and because heart attack and stroke together account for more than half of the deaths in
the United States and by 2010 will be the leading causes of death in the world.

Imaging atherosclerotic plaques to determine if heat will prove to be the best way of predicting
plaques at risk of precipitating heart attack and stroke is being undertaken by three methods. The
first is infrared fiberoptic imaging. We bundled together arrays of chalcogenide fibers into a catheter
capable of 100 micron spatial resolution and 0.1° C. thermal resolution. With this catheter, we have
been able to image temperature heterogeneity in plaques ex vivo and in vivo. This catheter has
limited flexibility and the fibers are fragile. In addition, improved spatial resolution would be

desirable to give a less grainy image. Plans for improved prototypes are described below. (See




attached abstract by Guo and colleagues.)

The second approach has been the construction of a catheter which, when advanced out of its sheath,
springs open to reveal four nitinol-shaped memory wires, each of which is equipped with a 0.003-
inch thermocouple. The catheter has a temperature resolution of 0.005° C. and spatial resolution of
0.5 mm., with an acquisition time of 0.01 second. The problems with this catheter include the
difficulty in shielding the thermocouple's measurement of wall temperature from the temperature of
the blood and the limited number of data points, and the fact that it has to contact the vessel wall and
then be "deflated" before it is moved to the next spot (increasing the duration of the study). Future
prototypes will compare thermocouples to thermistors, will use more sensors and will insulate these
sensors better. The basket arrangement allows blood to flow down the vessel during the period of
measurement, such that no proximal occluding balloon or perfusion lumen is needed, which are two

advantages to the infrared approach. (See attached abstract by Naghavi and colleagues).

The third approach consists of simple infrared camera imaging of human AV grafts. Patients with
kidney failure typically have a graft placed just under the skin of the forearm for arterial and venous
access for purposes of hemodialysis. Most of these patients have very little subcutaneous tissue, so
that inflammation in the graft is detectable by simply palpating the arms of these patients. These
areas are frequently swollen and tender. The redness of inflammation does not project through the
skin, but the temperature does. We have been able to image hot atherosclerotic plaques in these
patients with an external camera. No contact with the skin is required. This technique (described
in the attached abstract by Gul and colleagues) will enable us to determine the natural history of the
hot plaque by following these patients prospectively.

Work of FY 2000 will focus on: 1) The above-described longitudinal study to determine whether
the hot plaque indeed goes on to occlude the vessel. 2) Making the above-described improvement
in the nitinol-shaped memory basket catheter. 3) Improving the infrared catheter by utilizing smaller
(25-micron) fibers, now available from Raytheon, and equipping the distal tip with a cone-shaped
aluminum mirror to create a side-looking catheter. The thermistor/thermocouple and infrared

approaches will then be compared. Late in the year we will be investigating the potential of




bolometer ehip-based systems, which may prove competitive with the infrared fiber approach to

thermal imaging.

Therapeutic Heating

In the first year of the DREAMS project, we described the observation that heating in the high-fever
range (41° C.) could paradoxically cause inflamed tissues to cool off . On histologic examination
of these human carotid endarterectomy specimens (which were heated immediately after removal
from the patient for 15 minutes and then returned to a 37° incubator for several hours prior to
remeasurement of temperature and then fixation), we observed that the macrophages were much

more prone to thermal apoptosis than the endothelial and smooth-muscle cells in the plaque.

Over the past year, we extended these observations to begin to explore the molecular mechanisms
involved. In the attached abstract by Lal and colleagues, we describe a down-regulation of tumor
necrosis factor alpha and interleukin-6, two pro-inflammatory cytokines, when human carotid

endarterectomy specimens were heated at 42° C. for 15 minutes, followed by six hours at 37°.

In the coming year, we will extend these immunocytochemical observations and look at the protein
abundance by western blotting and at the RNA levels by in situ hybridization and semiquantitative

RT-PCR. Also, we will be examining the effect of heating on NF k B levels.

We next looked at the effect of physiologic heating in vivo. Watanabe hypercholesterolemia rabbits
were fed a cholesterol-rich diet for six months to increase the number of atherosclerotic-like lesions
in their aortas. We then heated the atherosclerotic tissues, using a thermal ablation catheter, to 42°
C. for 15 minutes. A significant and selective increase in macrophage apoptosis was noted in the
intimal layer by TUNEL histologic analysis. Now the optimal temperature and duration of heating

will need to be determined.

We have extended these observations still further by asking whether heat could be used to prevent
or inhibit restenosis. Robert Schwartz and colleagues at Mayo reported that heating can inhibit

]




smooth-muscle proliferation. Because Pedro Moreno and others at MGH have identified
macrophage content as a key marker of risk of restenosis, we reasoned that selective induction of
apoptosis in macrophages, by gentle heating, might also inhibit restenosis. Because a single
treatment might not be sufficient, we sought a noninvasive way of promoting this heating. We are
exploring radiofrequency heating of ferro magnetic stents and ultrasound heating of polymeric
stents. As described by Naghavi et al in the attached abstract, phantom experiments conducted with
muscle specimens from the supermarket demonstrated that, with the right ultrasound intensity and
frequency, some stent materials (for example, some PVC polymers) heat faster than the surrounding
tissue. Interestingly, other polymers, such as PTFE, Teflon, Lexan and certain types of PVC, did
not show this selective heating. These studies suggest that external heating could be used to rid
intravascular stents and other polymeric implants of excessive inflammatory cells. In the case of
arterial stents, this could prove to be an effective and nonradioactive means of preventing apoptosis.
Studies in the coming year will be conducted in vivo in our animal models, and further
polymer/ultrasound permutations will be explored in phantom studies on the bench top. Overall,
these studies show considerable progress in the use of thermal imaging to identify disease and
perhaps predict its course and, for diseases characterized by excess inflammation, to decrease the

amount of inflammation and possibly improve the course of the disease.



Annual Progress Report, Project 2-D (11/01/98 to 10/31/99)

ANNUAL PROGRESS REPORT
Project Title: “Disaster Relief and Emergency Medical Services Project (DREAMS):
Clinical and Basic Science Projects”
Awarded to: The University of Texas-Houston Health Science Center
Principal Investigator: ~ Ward Casscells, M.D.
Grant No.: DAMD17-98-1-800
Reporting Period: 11/01/977 to 10/3193

Subproject Number and Title: “Initial Evaluation of a New Axial Flow Pump, Inserted by
Minimally Invasive Thoracotomy, to Maintain Cardiac Output in a Porcine Model of
Cardiogenic and Hemorrhagic Shock” (Subproject No. 2-D)

Subproject Investigator Signature: | m Z’k‘*’\

O.H. Frazier, M.D.

Project Objectives:

The purpose of this project is to investigate a novel approach to reducing mortality and morbidity due
to injuries suffered by military personnel in combat zones. Specifically, the objective of this research is
to evaluate the use of an implantable mechanical cardiac assist device, in conjunction with standard
volume and/or blood replacement, for treatment of hemorrhagic shock resulting from injuries sustained
in the combat setting.

The specific aims of this project are:

1. Refine the animal model of hemorrhagic shock in pigs.

2. Demonstrate decreased mortality in the animal model through application of circulatory support
using a newly developed cardiac assist pump.

3. Demonstrate that this cardiac assist pump is lightweight, portable, easily implanted and practical to
use on the battlefield.

Progress Summary:

A total of fifteen studies have been performed as of this reporting period. Eight were performed as
controls; the animals were hemorrhaged and resuscitated with fluid administration (2cc LRS/ 1cc blood
loss). Seven studies were randomized for resuscitation and a LVAD implant. A commercially available
centrifugal flow pump was selected for the test group. One animal in the LVAD group was excluded
due to myocardial fibrillation prior to hemorrhaging (see chart). The remaining LVAD animals were
hemorrhaged, resuscitated, and underwent a LVAD implantation. Two studies (13-A, 14-B) were
performed to determine the feasibility of the bovine as an animal model for future studies. Data from
these studies were used as the basis for discussion and evaluation of the hemorrhagic shock model.
Upon completion of the two studies, several key decisions were made regarding the surgery and
instrumentation of the bovine animal model.




Annual Progress Report, Project 2-D (11/01/98 to 10/31/99)

Surgery | Study }Animal No.{ Animal [Survival Time ** Amount of Volume Total U/O
Date No. Wt. (kg) Hemorrhage |administered
C/P* (ml) (liters)

09/14/98 I-A P-585 51 1.5 400 2.8 400
10/13/98 2-A P-593 56 8.0 1000 9.5 1000
10/26/98 3-A P-594 56 18.0 1580 19.2 4148
11/16/98 4-B P-595 60 7.5 750 7.0 1450
12/09/98 5-B P-597 53 4.0 680 7.7 350
12/15/98 6-A P-598 60 15.0 945 22.6 4060
01/04/99 7-A P-602 71 8.0 1475 12.0 1400
03/16/99 8-B P-604 50 17 900 18.8 1500
03/29/99 9-A P-633 56 11 450 9.2 950
05/12/99 10-B P-635 57 21 463 13.8 3950
05/19/99° 11-B P-637 49 - 0 0 0 0
05/26/99 12-B P-638 52 5 702 10.5 1500
08/09/99 13-A B-1187 98 5.5 346 6.0 2000
09/07/99 14-B B-1200 98 7.5 594 343 5900
09/20/99 15-A P-677 40 1.5 1335 7.9 1800

*A=Control and B =LVAD
**Begins at end of Hemorrhage (Hrs.)

aThis animal was not included in our data

Texas Heart Institute’s Associate Investigator, Dr. Branislav Radovancevic, Dr. Harald Eichstaedt,
surgical research fellow, and Project Manager Mr. Dan Tamez traveled separately or together to San
Antonio a total of two times in this reporting period. The THI team participated in animal studies of the
parallel program at Brooke Army Medical Center (BAMC). Additionally, the THI group met with
BAMC investigators to finalize the strategic plan and protocol for the Phase II studies at THI. (Note:
As stated previously, the DREAMS program does not fund the work at BAMC. BAMC investigators,
through separate funding, have pioneered the development of the hemorrhagic shock model in the pig.
The approved DREAMS workscope includes travel to San Antonio to learn from the experience at
BAMC, in order to minimize redundancy and reduce costs).

Planned Work

A new protocol has been submitted by the investigator to the Texas Heart Institute’s Institutional
Animal Care and Use Committee. The committee approved the animal research protocol and the use of
20 animals. This protocol will-continue our earlier work and allows us to investigate the use of the
larger bovine animal model. The protocol is for 20 animals subdivided into two groups.

The new Phase II project will allow the completion of the work begun earlier at the Texas Heart
Institute (during “Phase I DREAMS funding, THI IACUC Protocol 98-01). We will perform twenty
studies, 10 studies using the bovine animal model and 10 with the porcine. The funds remaining from
the Phase I DREAMS award will be sufficient to complete 10 studies. The new funding will be
sufficient for the remaining 10 experiments (see chart, below).

DREAMS Studies to be conducted:
193 200
Funding Source: OCT. NOV. DEC. JAN. FEB. MAR. APR.

Phase | XX
Phase Il

AUG. SEPT. { TOTAL

>
bad
<
<
><
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=<
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PROJECT TITLE: “Disaster Relief and Emergence Medical Services Project
(Dreams): Clinical and Basic Science Projects”

THE UNIVERSITY OF TEXAS - HOUSTON HEALTH SCIENCE CENTER

PRINCIPAL INVESTIGATOR:  Ward Casscells, M.D.

GRANT NO: DAMD19-98-1-8002

REPORTING PERIOD: Aug 1 - Oct 31, 1999

. . 1
Subproject Number/Title: Basic Science Project E: “Nitric oxide synthase inhibition
therapy to prevent multi-organ system failure after hemorrhagic shock”

Investigator Name: RF Lodato m
Investigator Signature: /pf

Progress Report:

Describe scientific progress for the quarter in terms of the tasks or objectives listed in
the statement of work for this project. Explain deviations where this is not possible.
Include data where possible. Present a brief statement of plans or milestones for the
next quarter. Do not exceed two pages.

During this quarter, Abbas Mirza, M.D., Research Associate, has been trained in
cardiovascular surgery in animals to implant chronic aortic blood flow probes and
vascular access catheters. Recently, he has successfully obtained high fidelity 10 MHz
Doppler aortic blood flow signals, as shown in Figure 1. These chronically implanted

flow probes allow long term and continuous cardiac output measurements from a
conscious animal. -

200

100

Aortic blood flow,
ml/sec

Fig1 Time 100 mm/sec

Plans for next quarter. We will develop software to retrieve, store and analyze the
hemodynamic data from the animals, purchase the needed pharmacological agents, and
acquire and develop micro-infusion systems for continuous intravenous drug delivery.
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PROJECT TITLE: “Disaster Relief and Emergency Medical Services Project
(DREAMS): Clinical and Basic Science Projects
THE UNIVERSITY OF TEXAS - HOUSTON HEALTH SCIENCE CENTER

PRINCIPAL INVESTIGATOR: Ward CASSCELLS, M.D.
GRANT NO: DAMD17-98-1-8002
REPORTING PERIOD: 11/1/98-10/31/99

Subproject Number/Title:
IITA. Role of sentrin in apoptosis

Investigator Name:
Edward T.H. Yeh, M.D.

Investigator Signature:

Progress Report: Describe scientific progress for the quarter in terms of the tasks or objectives
listed in the statement of work for this project. Explain deviations where this is not possible.
Include data where possible. Present a brief statement of plans or milestones for the next quarter.
Do not exceed two pages.

Apoptosis, programmed cell death, plays an important role in reperfusion injury and in
cell death caused by radiation, trauma and hypoxia. We have discovered a novel ubiquitin-like
protein called sentrin-1 which interacts with the cell death domains of Fas and tumor necrosis
factor receptor-1. Over-expression of sentrin-1 in cells can inhibit anti-Fas and tumor necrosis
factor induced cell death.

In order to test the effect of sentrin-1 over-expression in medically relevant cells, and
eventually in animal models, we have begun to generate recombinant adenovirus ca recombinant
adenovirus that expresses HA-tagged sentrin-1. The presence of HA-sentrin 1 in the viral
genome was verified by performing a Western blot analysis of the crude cell extract from

HUVECs infected with the virus. Briefly, one day after infecting HUVEC with recombinant

viruses carrying either HA-sentrin-1 or B-Gal, the cells were lysed and processed for Western



blot analysis as described previously (20). As shown in Fig. 1, sentrin-1 monomers and sentrin-1

conjugates were only detected in HUVEC infected with

recombinant HA-sentrin-1 virus (lane 2).

In this budget period, we have prepared recombinant

Sentrinized
virus expressing sentrin proteins with Gly residues involved in proteins
conjugation deleted. We are in the process of purifying a
large amount of the recombinant virus to be used for
functional studies. == -Sentrin

monomer

Figure 1. Western blot analysis
of HUVEC infected with adeno-
B-Gal (lane 1) or adeno-HA-
sentrine-1 (lane 2). The position
of the sentrin monomer and
sentrinized proteins are marked.
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PROJECT TITLE: “Disaster Relief and Emergency Medical Services Project
(DREAMS): Clinical and Basic Science Projects
THE UNIVERSITY OF TEXAS - HOUSTON HEALTH SCIENCE CENTER

PRINCIPAL INVESTIGATOR: Ward CASSCELLS, M.D.
GRANT NO: DAMD17-98-1-8002
REPORTING PERIOD: 11/1/98-10/31/99

Subproject Number/Title:
IIT B. Mechanisms of cell adhesion and reperfusion injury.

Investigator Name:
Edward T.H. Yeh, M.D.

Investigator Signature:

Progress Report: Describe scientific progress for the quarter in terms of the tasks or objectives
listed in the statement of work for this project. Explain deviations where this is not possible.
Include data where possible. Present a brief statement of plans or milestones for the next quarter.
Do not exceed two pages.

Cell adhesion plays a critical role in the attachment of leukocytes in all types of
reperfusion injury. Major mediators of this are ICAM-1 (intracellular adhesion molecule-1) and
the selectins. In the last period, we have screened for currently approved medical compounds
for their ability to inhibit recruitment of inflammatory cells in a mice model that wé have
validated and published (1). We found that troglitazone, a small molecule that binds to the
PPARYy nuclear receptor, can inhibit homing of a monocyte cell line, RAW, to the atherosclerotic
plaque. In order to determine the mechanism of action of troglitazone, we used an in vitro
culture system, the human umbilical vein endothelial cells, as our model. We showed that a
well-known inflammation-inducing cytokine, tumor necrosis factor can induce expression of

adhesion molecules, ICAM-1, VCAM-1, and E-selectin on the surface of endothelial cells. Pre-

treatment of the cultured human umbilical vein endothelial cells with troglitazone significantly



inhibit tumor necrosis factor-induced ICAM-1 and VCAM-1 expression, but not that of E-
selectin. We have further validated these results with other PPARYy agonist and showed that this
effect is specific for PPARy agonists. These novel observations have been published in
Circulation (2). We are still dissecting the molecular mechanism whereby PPARg agonist exert

its anti-inflammatory effect by examining the NF«B signaling pathway.

1. Patel, S., R. Thiagarajan, J. Willerson, and E. Yeh. 1998. Inhibition of alpha 4
integrin and ICAM-1 markedly attenuate macrophage homing to atherosclerotic plaques in
ApoE-deficient mice. Circulation. 3:75-81. |

2. Pasceri, V., H.D. Wu, J.T. Willerson, and E.T. Yeh. 2000. Modulation of vascular
inflammation in vitro and in vivo by peroxisome proliferator-activated receptor-gamma

activators. Circulation. 101:235-238.



FINAL SYNOPSIS OF DREAMS I PROJECTS DIRECTED BY
' Timothy Scott-Burden, Ph.D.

Introductory remarks: The projects to be summarized comprise II F, IIl E and I L.
Details of results obtained and experimental procedures can be found under the monthly
reports (already submitted) for each protocol. Much of the information obtained has
facilitated the preparation of the single project proposed for the DREAMS II program.
The focus of effort into one project (DREAMS IT) will make better use of the skills in the
Vascular Cell Biology Laboratory and thus gives every chance of significant progress
being made on the project in terms of completion of animal studies (the appropriate
paper work is in preparation), the end point of the protocol. Approval for these animal
studies has been obtained from the host institution, The Texas Heart Institute.

II F Foxhole stents to protect cells: This project investigated cell-seeding of metal
stents with endothelial cells and smooth muscle cells and subsequent testing of their
ability to adhere when stents were subjected to shear stress using a centrifugation assay.
Development of the assay system was one aspect of this protocol which has resulted in
use by a number of other laboratories for their particular needs. The results from these
studies are to be found in the monthly reports, but in summary up to 50% of endothelial
cells sloughed-off stents subjected to shear stress levels normally associated with arterial
flow. Unlike smooth muscle cells, cultivation of endothelial cells in the presence of
sodium ascorbate did not improve adhesion of the latter. Smooth muscle cells adhered
well to stents at shear stress levels exceeding those used for endothelial cells (+/- 7%
loss) and a significant improvement in attachment (+/- 4%) of myocytes was observed if
they were cultured in the presence of ascobate.

The information obtained indicated that smooth muscle cells would provide a good

adherend cell lining for stents but the harvest of autollogous cells for this purpose may be
problematical in a patient setting. We therefore considered the use of alternative tissue
sources for cell harvest and will develop that direction in DREAMS II. Another setback
on this project was the fact that we were unable to find a commercial source of stents
which were "pitted” to provide Foxholes. This is essential for protection of cells during
the deployment of the seeded stents. This stymied our efforts to complete the project in
respect to implantation of cell-lined stents. At the initiation of this project there were
many promises for the provision of stents with pitted surfaces, and therefore this aspect
became an unforeseen problem for the completion of the project.
III E Over expression of VEGF in smooth muscle cells: Fallout healing of implanted
cardiovascular devices by circulating endothelial progenitor cells has been documented
for more than a decade. The purpose of this project was to investigate the possible
enhancement of this process by providing a good "seedbed" for the circulating progenitor
cells. VEGF shows strong specificity towards endothelial cells, which is not seen with
many other growth factors, thus it is an ideal candidate for the task. Over production of
VEGF will not enhance growth of other cell types.

We have been successful in cloning bovine VEGF into one of our plasmids of choice
and establishing long term (over) expression in smooth muscle cells (see monthly
reports). Also, we have looked at expression of VEGF-GFP (green fluorescent protein)
fusion protein, again cloned into our vector of choice. The idea behind this work was to




have ways to follow cells that had taken up the tagged growth factor. We have
demonstrated that this molecule still retains growth stimulatory properties which are
undiminished compared to VEGF alone. Unfortunately we have been unable to carry out
the imaging experiments since moneys approved for the purpose of purchasing the
required equipment as been coopted for other projects by the DREAMS I PI (see reports
by Dr. D. Engler). In spite of this we have had some success in seeing apparent uptake of
the green VEGF fusion protein by endothelial cells after prolonged cultivation with
smooth muscle producer cells.

In other studies we have looked at the effect of monolayers of smooth muscle cells
producing VEGF, on the rapidity of endothelial cell attachment and subsequent growth.
These assays were compared with control smooth muscle cell monolayers, mock
transfected with plasmid devoid of VEGF ¢cDNA. For these studies endothelial cells were
tagged with fluorescent probes and monitored hourly by standard photographic methods.
This project has yielded a significant amount of information which will be used in the
project proposed for DREAMS II.

HI L. Gene transfer: Manipulating liposome structure: The use of liposomes to effect
gene transfer is not as prevalent currently as when this project started. There are a
number of newer reagents that mediate the process of transfection with greater efficiency
than liposomes. Our early observations regarding direct induction of gene expression by
certain liposomes (especially containing cationic functions) has been brought to the
attention of the scientific community (meeting presentations and publications). As
discussed in the monthly reports, we sort to discover the mechanism(s) of gene induction
by cationic liposomes. It is clear that the process differs considerably from that
associated with the direct action of cytokines and also slow acting gene induction by
endotoxins (see monthly reports). These facts clearly identify this project as a signal
transduction project and currently-there is not enough available expertise in the Vascular
Cell Biology to follow up on this aspect. We have thus clearly identified an interesting
and unforeseen role for cationic liposomes but do not think we are able to continue
working on the project in the future. What is important is that we have at least alerted
people who use cationic liposomes to the possibility of obtaining false or erroneous data.
If for example Lipofectamine™ is used to transfer NO synthase genes to cells or tissues,
a strong positive signal (NO production) may not be due the transgene expression but
induction of NO synthase by the direct action of the liposome.

Concluding remarks: Good data from the first two projects have laid the foundation for

work proposed in the DREAMS II project. Failure to complete project II F is merely a
manufacturing problem which was not envisaged when the work was initiated. Promises
to provide (obtain) materials did not transpire. Project IIl E was completed, however
additional good data could have been obtained if the budgeted (and approved) imaging
equipment had been obtained. As far as project III L was concerned, a measure success
was obtained and further work would require a different focus currently not available in
the Vascular Cell Biology Laboratory.




Annual Report (1998-1999) for DREAMs Project’s II-F, -G, -H, -]

PI: D. A. Engler, Ph.D.

Project III-F; Nontoxic Peptide Enhancement of DNA Uptake: Year two

progress has been primarily centered around advancing technical objective three of this project,
namely: - iii) fo investigate the mechanism(s) of FGF-enhanced gene-delivery to cells.
The previous year’s progress helped advance the first two technical objectives to the point
where more knowledge about the third technical objective is necessary before much more
biologically relevant information can be gleaned concerning this potentially useful form of
gene-therapy. Progress on technical objective two, namely - ii) establishing optimal and
reproducible conditions for efficient gene-delivery, at least from the perspective of the non-
cell-based chemical and biophysical characterizations of complex formation conditions that lead
to favorable gene uptake, has led us to believe that many of the forms of the molecular
conjugates that are present in the molecular population that facilitates DNA uptake by cells
would not be useable in vivo because of non-specific aggregation phenomenon, and
precipitation of gene vehicles. Therefore, delineating the exact mechanisms by which
conjugate uptake by cells in this FGF-facilitated DNA uptake phenomenon takes place, using
defined experimental conditions - on cell lines that have been genetically modified to help us
decipher the role the FGF receptor system plays in this phenomenon, is of paramount
importance before further optimization of conjugates can meaningfully take place. To this end
most of this year’s progress has centered around the construction of such genetically modified
cell lines that overexpress the high affinity receptor protein-tyrosine kinase (RPTK) for FGF
(see also quarterly reports for project III-J), namely FGFR-1, and the characterization of the
FGFR-FGF interaction at the molecular level using the Biacore biosensor in an effort to
identify those conditions that influence this interaction (see quarterly reports for periods 5-8),
so that we may exploit the power of the FGFR1-CBD fusion protein to help us separate more
active complexes (i.e. those forms of FGF-PL-DNA conjugates that bind the FGFR with
higher affinity) in an affinity-based chromatographic separation process.

This project will be continued under DREAMS-II funding as both a continuation of
technical objective 3, as noted above, and in a manner that will attempt to use an FGFR
retargeting strategy to direct insect virus particles (that should display no enhanced tropism for
animal cells) toward those genetically modified animal cells that now display increased levels of
FGFR-1. We will also attempt to visualize the FGF-mediated DNA conjugate uptake and it’s
intracellular translocation pathway(s) to the cell’s nucleus by microfluorescence imagery, if our
request for a fluorescence based digital imaging system that was originally requested in the
DREAMS I funding mechanism under project III-H is approved.

Project III-G; Role of FGF-2 in Mutagenesis and Carcinogenesis: Year
two progress on this project continued to advance all three technical objectives of this project
and continued along the agenda as outlined in last year’s (‘97-’98) annual report. This project
was however restricted in it’s scientific progress due to it’s heavy reliance on high resolution
fluorescence-microscopy imaging, of which this laboratory is currently not physically capable
of doing independently, due to the lack of a suitable microscope instrumentation package
(planned and budgeted for under project III-H) that was never acquired during this funding
period and which was relied upon for advancing these technical objectives further. Even with
the instrumental limitations noted, we were able to show that FGF-2 when added in
physiological doses (i.e. the amount of factor that could possibly be present at sites of
wounding) with either purified exogenous fragments of DNA, or with exogenous naturally
liberated DNA fragments from wounded cell extracts (that more closely resembles the form
DNA fragments would exist as at sites of injury) to naive cells (representing non-injured
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neighboring cell populations at sites of wounding) in culture would increase the nuclear uptake
of exogenous fluorescently-labeled marker DNA in a time and dose dependent manner (see
period 5 and 6 quarterly reports). These studies also led to a semi-quantitative estimation of the
number of nuclei in a cell population affected by this type of treatment; the numbers from
which could be used in future estimations of the frequency of pro-mutagenic events in cultured
cell populations. Additional studies performed during this time peried have also allowed us to
establish that the exogenously added DNA fragments do indeed associate with the naive cell’s
nuclear chromatin in a fairly tight molecular interaction (see period 7 quarterly report), a pre-
requisite for any additional recombinatorial cellular process that might result in chromosomal
aberrations (mutations) to the naive cell. Furthermore, the type of fluorescence microscopy
analysis performed during this time period allowed us to establish that the exogenous DNA that
is translocated from outside the cell into the cell nucleus co-localizes in the nucleus with the
receptor for FGF, a strong indication that nuclear translocation is possibly mediated by the
ternary complex of FGF-2/FGFR/DNA (see period 8 report). The funding levels for
DREAMS-II unfortunately do not allow for the continuation of studies related directly to this
endeavor. Therefore any future studies to extend these presumably important observations and
the impact they will have on wound carcinogenesis will have to await alternate sources of
funding. There is currently one manuscript in preparation resulting from these studies.

Project III-H; Luminescent and Fluorescent Molecular Imaging:

Effort on this project during this reporting period (year two) was entirely directed at identifying
the appropriate type of fluorescence-based microscopy and digital imaging workstation
necessary to pursue the identified technical objectives further than what was reported in year
one’s annual report. Although substantial personnel time and effort on preliminary sub-cellular
(and indeed - molecular) imaging experimentation was expended on evaluation instrument set-
ups during this reporting period, we have not reported any further substantial progress towards
the defined technical objectives of this project other than that reported during period 7 - relating
to the spatial resolution capabilities of these fluorescence-based studies on living tissues. As
we head into the DREAMS-II funded research, we are still unclear as to the final disposition of
our request to obtain this imaging microscope technology, which was approved at the Army
level for funding, but is being delayed at the institutional level for intra-institutional re-
budgeting purposes to benefit other DREAMS-related projects not directly related to this study.
Although studies directly related to the technical objectives of this particular project will not be
extended in DREAMS-II, the need for the fluorescence-based imaging station will persist in
other DREAMS-related projects and therefore future research may be jeopardized by its
absence.

Project III-J; Mechanisms of FGF Signal Transduction: Progress on this

project during this year can be summarized as a continuation of our efforts toward technical
objective #3, namely iii) the purification of pp90 for positive identification and subsequent
cloning. Although this technical objective was always expected to be the most labor intensive
and problematic, we have been somewhat disappointed in its pace of progress this year.
However, as reported in the period 7 report, this protein may be the recently identified FRS-2
molecule based on its partial immunoreactivity with antibodies raised against the FRS-2

- molecule. Since our data was inconclusive in this regard we have continued in our original
efforts to purify enough of the molecule from natural sources to allow us an unambiguous
identification of this molecules identity. As intimated in the report for period 8, we have very
recent data from mass spectrometry data on trypsin fragments generated from our gel purified
pp90 molecule that suggests that it may be another previously cloned molecule known
alternately as alpha glucosidase or the major substrate for protein kinase C known as the 80K-
H protein. Although there is still the possibility that our pp90 protein preparation is still
contaminated by the protein identified above, and that the pp90 molecule represents such a
small proportion of the protein preparation that this tentative identification is erroneous. We are
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still in the midst of trying to make this determination based on the levels of matching profiles of
our mass spectrometry data to that predicted by database searching. Although this project is
not slated for continuation under DREAMS-II, we will continue to pursue these studies until a
positive identification is made and leads us in the direction that we need to go to fulfill technical
objective #4, that of identifying the role pp90 plays in FGF signal transduction.



ARMY REPORT

Over the past year we have advanced our goals towards defining the presence, regulation and characterizations
of the cytochrome P450 subfamily 4F which hydroxylates and deactivates leukotriene B, and prostaglandins A,
and E, thereby interrupting the effects of these tissue mediators in promoting inflammation.

The cytochrome P450 4F subfamily has been shown to be present in lung tissue. We have used
olignucleotide primers designed to differentiate among the four known cytochrome P450 4F isoforms in reverse
transcriptase polymerase chain reaction studies to determine this issue. More recently these results have been
extended using Northern Blot analysis.

The control of expression of cytochromes P450 4F is an interesting per contra to the cytochromes P450
4A in that the expression of the 4F forms are suppressed while the 4As are induced by treatment with the
Peroxisomal Proliferator Activated Preceptor alpha ({PPAR.) agonist clofibrate. In order to define further the
promoter region and enhancer elements, a genomic clone of P450 4F5 has been prepared. Most recently we
have been able to establish the identity of the transcription start site using PCR RACe techniques. We have
prepared a series of truncations of the 2400 5' flanking region and cloned these truncated sequences in front of a
luciferase reporter gene. These reporter constructs will be used to define which of the 5' flanking region cis-
acting transcription factor sites figure prominently in the regulation of P450 4F5 expression.

In order to pursue the regulation of these 4F isoforms further, we have cloned with our collaborator Dr.
Kawashima, the 4F forms from mouse. We are now characterizing the expression of these forms in wild type
mice and in a PPAR knockout mouse strain. We contemplate preparing a 4F knockout mouse strain though we
must first decide which 4F isoform should be the target.

Thus far, our work on characterization has utilized animal models. Quite recently we have cloned a new
hithertofore unrecognized 4F isoform from a human cDNA expression library. While we still must characterize
the sequence for the N terminal 25 amino acid residues, we have enough sequence within the coding region to
determine that this clone is different from the two human forms already characterized or those predicted from
analyses of the human genome data base.

Thus, our work during this year has accomplished our goals for the year and, moreover, has opened for
us the way to additional modalities for defining control and regulation of the 4Fs as well as to assess the utility
of the 4Fs in human lung.

H.W. Strobel, Ph.D.

11/24/99



Summary 9/98-10/99: DREAMS Project 2-ii 4/15/00
P! : Richard W. Smalling, MD, Ph.D.

Work on DREAMS Project 2-1I, “Mechanisms of Infarct Salvage with Selective
Adenosine Infusion In Regional Myocardial Ischemia”, began September 1998.
Under the direction of Richard Smalling MD, Ph.D. , a team consisting of Michael
Rihner MD cardiology fellow, Hela Achour MD volunteer, Ali Denktas MD
cardiology research fellow and technicians James H. Amirian, Patty Felli and
Carneli Parks we have finished the initial project of two experimental groups and
have completed a third arm of Control animals without IC heparin.

Qur original experimental Control Group and Adenosine Groups when compared
to previous infarction models of similar condtions both revealed increased infarct
salvage. Generally we expect an infarct of 55-60 percent in the left ventricle after
a two hour occlusion and four hour reperfusion in a control set of experiments .
However our Control Group had significant salvage (41%) and the Adenosine
Group had reduction in infarct percent zone of risk in the LV (48%).

In our preliminary Dreams Project 2-ll heparin boluses were given to keep the
infusion wire patent which maybe a confounding factor in determining the
efficacy of adenosine in limiting infarct size and reperfusion injury. Heparin had
been proven to show protective effects on myocardial tissue independent of its
anticoagulent activity. In order to determine the true effect of heparin used in an
intermittent small bolus fashion a new control arm with no heparin use was
added (and a new adenosine arm with saline flush was proposed). We were able
to complete the third arm (Control w/o IC heparin). Further funding was denied
for this project in DREAMS 2000 which would have included a fourth group of
animals with Adenosine Infusion without IC heparin to keep the infusion line
patent.

Currently to date a total of 31 experiments were performed. Work began on the
third group (Control with saline flushes of the wire 2/99) and initial
experimentation has been completed. All data has been collected and statistical
analyis has been performed on the initial two groups . The new Control group
work had been completed and also has been compared to the initial two groups.
A total of seven final experimental canines per group (21 final data

total ) has been completed. As expected the new Control group revealed large
infarcts (58 % ) and this was found to be signifantly different (p<0.5) when
compared to the original Control group and very close to significant when
camparing to the Adensine (heparin flush ) Group using ANCOVA . The regional
myocardial blood flow data had been completed for the first three groups which
showed no significant differences in blood flow throughout the procedure
comparing the 3 groups. P-selectin and and ICAM staining expression results is
completed for the first two groups and has been submitted for the third group.
The third group of animals ICAM-1 and P-Selectin analysis is currently being
done and paid for with private funds and results are pending. Tissue samples for




electron microscopy blocked and photgraphed for analysis on the three groups
and currently the EM photos are being reviewed by Dr Maximillian Buja,
Pathology, DEAN, at the UTH-HSC. using private funds.

Unfortuanately the discontinuation of funding for the DREAMS project in 1999-
2000 prevented us from finishing the fourth arm of the study (Adenosine w/o
heparin flush) at this time. A paper is currently being written on the initial study
plus the new Control group by Dr. Ali Denktas MD UTH-HSC Cardiology fellow
and should be available for review shortly.
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The Surface of Human AV Grafts Exhibit Thermal
Heterogeneity in vivo, and Warmer Regions Have Higher
Resistance.

Authors: Khawar Gul, Bujin Guo, Morteza Naghavi, Brian
Berridge, Ward Casscells, Alan Cohen, James T. Willerson

Institution:
Houston TX

University of Texas, School of Medicine

We have reported that human carotid plaques, ex vivo, have foci
of heat. which is largely attributable to macrophages on or near
the lumen. Here we asked whether thermal heterogeneity(TH)
exists in situ.

Methods: 1) In patients(pts) on hemodialysis(HD) for chronic
renal failure infrared(IR) photos were taken of the skin
overlying the graft and correlated with graft blood flow (QB
max) and venous resistance at QB;so(VRas0). 2) Hemody'namic

parameters such as QB max, QB1so, and VRas, were measured
on HD.

Results: All grafts exhibited thermal heterogeneity (33.05°C-
35.96°C. mean=34.77 +. 82. Of 19 pts, 15 had higher
temperatures at  the venous end (33.69°C-35.96°C,
mean=35.03°C +. 62) as compared to the arterial end (33.05°C-
35.96°C. mean=34.64 +. 88, p=<. 007). We found an inverse
correlation between QB max and temperature at the venous
end(r=. 50, p=<. 02) Graft temperature related to graft
resistance(r=.53, p= <.02)

Conclusion: Thermal heterogeneity in arterial prostheses can
be detected by IR camera in situ from the luminal side, and
from the adventitial side despite flowing blood.

2) Higher temperatures are associated with the venous end
particularly those with higher resistance, suggesting that
thermal imaging may localize inflammatory stenoses.
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Correlation of Temperature and pH in Living Human
Atherosclerotic Plaques
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We have discovered that atherosclerotic plaque are heterogeneous with
respect to temperature. and that inflamed plaques with extensive
infiltration of macrophages give off more heat than others. More recently
we. have identified pH heterogeneity in human endarterectomized
atherosclerotic plaques (CEA). In this study we have looked for relation
between pH and temperature in CEA. Immcdnatelv after removal, CEA
were kept in a biological media (DMEM) at 37° for 30 minutes, then
removed from DMEM inside a 37° newborn incubator with humidity
above 95%. Using a glass type pH microelectrode and a needle type
hypodertnic thermocouple electrode mounted on a micromanipulator, we
have carefully measured pH and temperature of different points on 8 CEA
from 8 patients. At each point. temperature was measured superficially and
pH was measured in 200 microns depth. Areas with lower pH have
consistently shown higher temperature r=0.94, p<0.001. Yellow areas
containing large lipid core exhibit markedly lower pH with higher
temperature whereas calcified regions were associated with lower
temperature and higher pH, p<0.001. Whether such a correlation exists in

vivo, and how much it could be used to locate vulnerable plaque, is yet to
be answered.
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Stabilization.
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Abstract

We have previously shown the effects of gentle heating on the
induction of apoptosis in plaque macrophages ex vivo. Here we
asked whether heating could cause macrophage apoptosis in vivo.
Methods: Watanabe hypercholesterolemic: rabbits were fed a
cholesterol-rich diet for six months to" develop lesions in their
aortas. The aorta was then exposed and heated internally (IA), with
a cooled ablation catheter (Cardiac Pathways) using a
radiofrequency generator (Radionics) at 42° C for 15 minutes. A
portion of the aorta was heated from outside (EA). The heated
specimens were harvested, then fixed and TUNEL- stained for
apoptosis. -
Results: In 11 ribbits heated at 42° C for 15 minutes. the
percentage of apoptosis for the IA in the intimal layer was 30.3 +
23.1 and for EA it was 18.6 + 12.4 as compared to 5.7 + 8.9 for the
control. The Friedman test for simultaneous testing of the three
intimal groups was significant at .020 level. For the medial layer,
the percentage of apoptosis in the IA group was 2.9 + 1.56 and for
the EA it was 2.6 + 1.9 as compared to 1.5 + 2.5 for the control.
The Friedman test for simultaneous testing of the three medial
groups was not significant at .164.

Conclusion: We conclude that gentle heating of rabbit aorta in
vivo induces significant macrophage apoptosis in the intimal layer.
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3)ANE Image, 974 East Elizabeth, Pasadena, CA 91104

- ABSTRACT

Rupture of atherosclerotic plaques-a major cause of heart attack and
strokes—is not easily predictable. Treadmill stress tests fail to detect
many persons at risk. Inflammation is characterized by heat,
swelling, redness and pain. Fatal plaques are associated with
activated inflammatory cells. We have demonstrated in vitro that heat
accurately locates the plaques that are significantly warmer than
atherosclerotic plaques without inflammation. To develop a non-
surgical method of locating these plaques, a novel infrared fiber optic
imaging system has been developed. The infrared fiber optical
imaging bundle consists of an array of 100 pm individual As,S3
chalcogenide glass fibers which transmit infrared radiation from 0.7
pm to 7 pm with little energy loss. The first prototype consists of a
30x30 (6 mm O.D.) square array and the second consists of a 10x10
(3 mm O.D.) square array. By combining the infrared fiber bundles
with a highly sensitive Indium Antimonide (InSb) infrared focal
plane array (FPA) detector, we are able to obtain in vivo thermal
images in the aortas of Watanabe hereditable hypercholesterolemic
rabbits. These images have clearly shown temperature differences
over a 2 mm? area, with ~100 pm spatial and better than 0.1 °C
thermal resolution. We conclude that 1) thermal heterogeneity of
atherosclerotic plaques is detectable in vivo and 2) an infrared
catheter may be useful for studying the causes and natural history of
heterogeneity of plaque temperature and eventually for localization
and therapeutic treatment of vulnerable plaques.
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Near Infrared Spectroscopic Characterization Living
Human Carotid Atherosclerotic Plaques

Jing Wang,' Bujin Guo,' Tomas klima,' James D. Willerson,"?

Ward Casscells™?

| Texas Heart Institute; 2 Division of Cardiology, Department of
Internal Medicine, University of Texas-Houston Medical School,

Arteriosclerotic plaques consist of thrombus, inflammatory and
smooth muscle cells, lipid-rich materials, fibrous tissues and
calcifieation. Currently there is no practical techmque to determine
the composmon—related vulnerability of the plaques in the clinical
setting. Ultrasound imaging is presently the prevailing method for
clinical diagnosis of arteriosclerosis in the carotid arteries, but it
cannot yet be used to predict the vulnerability to rupture of plaques
with 50-100 pm thin cap. Near-infrared (NIR) spectroscopy, permits
inference about the biochemical composition of tissue. The NIR
spectrum of biological specimens in the spectral region 700 to 2500
nm is complex, but improved instrumentation and sophisticated
multivariate chemometric data analysis techniques, now permits
interpretations from complex NIR spectra. We hypothesised that
factors, such as fat, hypoxia, heat, glucopenia, tissue pH, etc., would
together change the NIR spectral signature sufficiently to enable the
identification of vulnerable plaques. With the approval of the
Institutional Review Board of the Texas Heart Institute and St Luke’s
Episcopal Hospital, Houston, Texas, we have studied to date 14
human carotid atherosclerotic plaques from 14 patients using NIR
spectroscopy. A total of 120 NIR spectra were recorded from these
plaques and analyzed using spectral classification technique. We were
able to identify significant NIR spectral differences between the
various arteriosclerotic plaques, based on the composition identified
from, and correlated to, the tissue histology obtained by conventional
methods. We believe that the compositional information extracted
from this investigation may be useful in the development of a new
diagnostic methodology to predict the vulnerability of certain plaques
to rupture.
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Ultrasonically Heated Stent; A new approach to thermal therapy of
atherosclerotic plaques and. prevention and treatment of restenosis

Morteza Naghavi, Birendra Lal, Bujin Guo, Khawar Gul, James T.
Willerson. Ward Casscells

University of Texas Houston, School of Medicine

Anti-proliferative and apoptotic effects of hyperthermia have long been
known. particularly in cancer treatment. We have shown that gentle
heating reduces inflammation in atherosclerotic plaques by suppressing
pro-inflammatory cytokines and promoting apoptosis of macrophages.
Others have recently identified the inhibitory effect of low level heating on
SMC-proliferation after balloon injury. Ulirasound (US) hyperthermia is
widely used in cancer therapy. US waves heat subjects based on their
absorption and reflection rate. The latter may explain the excessive heating
effect of US on the surface of bone. We therefore hypothesized
ultrasonically heated stent can be made with certain material that produces
more heat than surrounding tissue when irradiated by US. We have used a
number of non-toxic materials in our phantom to test the hypothesis. The
phantom is a 10CM thick layer of pork muscle. inside which different
annular stent shape materials are placed for a given experiment. A 2.5 CM
US probe was fixed perpendicularly above the surface of the phantom to
mitigaie non-invasive application of US. Temperature was continuously
monitored by multiple hypodermic thermocouples and infrared camera.
We applied different FDA-approved levels of therapeutic ultrasound,
(intensity 0.5-2.5 W/CM2. frequency 1-3 MHZ), in both pulse and continuous
modes. We found that the temperature ot stent-shaped materials made of
polymers such as polyurethane. silicon. and some types of PVC increases
{2-35 ©) more and (1.5-15 times) faster than temperature of surrounding
tissue. However. other polymers such as Teflon. Lexan. PTFE. and some
other kinds of PVC failed to show a selective thermal effect. We have also
observed a small heating effect of US waves most likely due to reflection
on tissue immediately surrounding a metal stent (2C increase after |5
min). Conclusion: US heating of tissue adjacent to a prosthesis varies
with composition. The technique was proven useful in preventing stenosis
of stents and vascular grafts. However. the material and design of choice
for the stent. the in vivo thermal / non-thermal effect of focused /
unfocused US on the stented artery and its surrounding tissues, and finally
its efficacy and adverse effects in comparison with other competing

technologles for non-invasive heat delivery (radlofrequency. MR...))
remain to be answered.
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Civ Stote ool Code branch point, and plaque blush - delayed clearance of contrast possibly
z due to angiogenesis or cap fissuring. Methods: Films of 200 patients
ountry

undergoing repeat angiography for Symptoms of ischemia, 5.6+4.8
(mean+SD) months apart, were reviewed by two blinded observers. 123
patients were excluded due to prior PTCA qr CABG, initial lesion
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wardc@heart.med.uth. thc.edu point location were compared in progressing (+ 20% stenosis increase)
Ermad oddress . and non-progressing plaques. Results: 16 lesions in 15 ‘patients
2. Preferred Presentation Form progressed from 29+13% 1o 68+14% over 8.1+7.9 months. Patients
Q om with and without progression were similar in gender mix, age, CHD risks,
XXX posrer medicgtions, qays bem./ee‘n angiogr.ams.. clir}ical presentation and initja] L!
Q' Nursing Absroct Sessions stenosis severity. L"ogxsue regression ndeptxﬁed plaque blush (p=.002),
calcification (p=.024) and 2 branch point location (p=.001) as the
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8 Coronary Intervention (norstent) the odds ratio for plaque progression ( ORp)as: ORp=¢ > :
' Caronary Stents 267BR - The model has a 81% sensitivity, 77% specificity and an overall
g :’-":""’f: Myocardial Revascularization accuracy of 78% when an ORp of 1/3 was used 1o classify the groups. In
a PM::C ooy other words, a moderate (<50%) stenosis with both "blush" and branch
(including libvllla inhibitors and local drug delivery) point signs had a 25% chance of progressing within 8 months if calcified
3 Acute Myocardial infarerion as well. Such lesions had a 100% likelihood of progressing but only 40%
g S:::::"msmn (including carond senss) of progressing lesions had all 3 signs. Conclusion: In mild to moderate
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Heat Down-Regulates Tumor Necrosis Factor-a and IL-6
in Human Atherosclerotic Plaques

Birendra N. Lal, Tarun Tewatia, Mark L. Entman, Keith A.
Youker, Said Siadaty, James T. Willerson, Ward Casscells,
University of Texas at Houston, Texas

We recently observed that in living human carotid
endarterectomy(CEA) specimens, plaques that are warmer
than otliérs(byl-3°C) undergo cooling after exposure to
heating (40°C-42°C X 15 min), suggesting that heat has an
anti-inflammatory action. Therefore, we asked whether heat
might regulate tumor necrosis factor-a and IL-6, pro-
inflammatory  cytokines that  promote macrophage
proliferation and survival and endothelial cell dysfunction,
thrombosis and apoptosis. Seven living, freshly harvested
human CEA specimens were divided. into two parts, one
piece of which was placed at 37°C for 6.3 hrs and other at
42°C for 15 min, followed by six hrs at 37°C, in Dulbecco’s
modified eagles’ medium in a 5% CO, incubator. The
specimens were fixed, processed and immunostained, using
antibodies to TNF-o,IL-6, a-actin and HAM-56. Visual
inspection and quantitative morphometry showed a marked
decrease in TNF-o. immunoreactivity of plaque o-actin
positive cells and macrophages (mean 4.42+ 2.33SD at 37°C
Vs 1.5 + 2.1 at 42°C, P=0.04). Most of the TNF-u
immunoreactivity was found in the a-actin positive cells and
the reduction of TNF-o by heating was seen primarily in
those cells. Thus heating at 40°C-42°C decreases TNF-a
and IL-6 immunoreactivity in freshly harvested human
carotid plaque. We hypothesized that heat may function to
down-regulate macrophage pro-inflammatory activity. The
possible therapeutic potential of gentle, non-lethal heating of
plaque is being investigated.
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pH Heterogeneity of Human and Rabbit Atherosclerotic Plaques

Reji John, Sameh Naguib, Said Siadaty, KC Kurian, Roxana Grassu,
Mark Snugg, Barry vanWinkle, James T. Willerson, Ward Casscells,
Morteza Naghavi

University of Texas Houston, School of Medicine

As atherosclerotic plaques are heterogeneous with respect to inflammation,
calcification. vascularity, oxygen, and temperature, we hypothesized that
they vary in pH, and that the variation might be useful in predicting
progression / instability of the plaque. Using a glass type microelectrode
mounted on a micromanipulator in a 37 incubator. we measured pH of
human carotid endarterectomized atherosclerotic plaques (CEA)
immediately after removal from 43 patients. We used dual emission
fluorescence ratio imaging microscopy (FRIM) using a pH-sensitive probe
BCECF) in plaques to validate the method. Temperature and oxygen
content of CEA were also monitored. The same procedures were used to
study S5 human umbilical arteries (HUA) and 7 Watanabe
hypercholesterolemic rabbits (WHR). pH measured in 661points of 38 CEA
was 7.70+.46. in 176 points of 7 WHR. was 7.44+.45, and in 113 points of 5
HUA was 7.19+.08. In CEA, pH of yellow areas containing large lipid
pores. were significantly lower than pH in calcified and thrombosed areas
7.44+.46 vs 7.9+.36. p<.000). Heterogeneity of pH in CEA, WHR. and
HUA were .035+.014. .039+.008, and .009+.0005 respectively (p=.003).
FRIM confirmed microscopic pH heterogeneity in both humans and rabbits.
Therefore. living atherosclerotic plaques exhibit marked pH heterogeneity,
with lower pH in areas with lipid core and higher pH in calcified regions.
The source of pH heterogeneity, its impact on stability of plaques
particularly through acidic matrix-degrading enzymes, and its potential
clinical utility in locating vulnerable plagues. remain to be determined. A

spectroscopic catheter is being developed to characterize pH. oxygen. and
pther potential markers of vulnerability, in vivo,.
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Instivion We have previously correlated temperature of atherosclerotic plaque with
61 . istopathological characteristics of vulnerabilit
31 Fannin. MSB 1.246 hx patholog ristics f rability to rupture. We found that
Street Addres inflamed unstable plaques give off more heat. Others have recently
correlated plaque temperature with patients’ clinical presentation. In order
Houston X 77030 b - f i I with ludi
Ciy e Pomal Code [{O MOMHLOr temperature of vessel wall without occluding blood flow we
have developed an intravascular thermosensor catheter. Here we report
o the specifications of the catheter along with proof of principle in our
canine model of atherosclerosis. The system comprises a 3F catheter, an

713-500-6549 - ic imaei
P ‘gmw cfd:*cmm) ultra-thermometer, and a PC for thermographic Imaging. An expandable

basket is made of 4 hollow nitinol wires (1D:0.006", 0D:0.008") with 0.003"
713-500-6547 thermocouple wires built-in at the end of a hollow shaft connecting the
FAX (eourery codelcity code) basket to the ultra-thermometer and carrying insulated thermocouple
mnaghavi@heart.med.uth.tmc.edu jwires. The system has a temperature resolution of 0.005C and spatial

€-moll address - resolution of 0.5 mm with 0.01 sec acquisition time. The thermocouple

2 pr efemé d Presantation Form tensor inside $he nitinol wire is insulated from internal wall of the wire

2 ou nd therefore is less affected by biood temperature. Upon release from a

‘X% Orof guiding or a delivery catheter. the basket opens, expands and contacts the
Poster

wall to measure its temperature. The number and size of wires in the
basket can be modified to pass through a guide wire lumen of an

s angioplasty catheter allowing measurement of temperature before and
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